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a)   ranked by size 
      and by factor

c)   ranked globallyb)   ranked by factor

Optimization:

x−
factor

y−
factor

x−1  baseline
x−2  i1, 2 −> i+1, i+2
x−3  unroll m−loop
x−4  m first index
x−5  unroll j−loop by 2
y−1  baseline�
y−2  j1, 2 −> j+1, � j+2
y−3  unroll m−loop�
y−4  m first index�
y−5  unroll i−loop � by 2
y−6  natural loop o� rder
y−7  roll up i−loop�
z−1  baseline
z−2  k1, 2 −> k+1, k+2
z−3  unroll m−loop
z−4  m first index
z−5  unroll i−loop by 2
z−6  natural loop order
z−7  roll up i−loop

z−
factor
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18.27
18.7
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18.85
19.33

8.71
9.09
16.3
18.98
19.48

7.95
8.09

11.76
14.96
15.74
15.84
15.23

8.2
8.34

12.48
16.01
17.04
17.06
16.42

8.3
8.42

12.82
16.49
17.62
16.25
14.85
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7.15
9.87
16.51
17.66
16.61
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7.04
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X-5

Y-1
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Y-6
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Z-1
Z-2
Z-3
Z-4
Z-5
Z-6
Z-7
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34.71
40.35
43.26
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34.35
39.52
44.12
49.47
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34.2
39.35
44.51
49.87
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35.08
40.76
44.66
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37.44
34.44
38.09
38.08
41.97
40.73
43.53
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34.66
38.12
37.88
42.16
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37.01
37.91
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35.31
38.81
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42.35
40.98
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39.2
38.16
42.07
41.56
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36.32
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37.91
42.19
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31.66
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Z-4
Z-5
Z-6
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38.49
35.31
38.81
38.26
42.35
40.98
43.9

38.52
37.15
39.2
38.16
42.07
41.56
44.89

37.27
36.32
37.95
37.91
42.19
41.03
44.33

30.86
30.43
31.63
31.66
33.77
40.42
43.33

35.23
34.9
35.86
31.18
32.97
38.55
33.95

X-1
X-2
X-3
X-4
X-5

Y-1
Y-2
Y-3
Y-4
Y-5
Y-6
Y-7

Z-1
Z-2
Z-3
Z-4
Z-5
Z-6
Z-7

16 32 64 80
Grid sizec)

7�BUF6Y,?Z> q1§£Ì0>Q?���4+?Z^�;+<�PQ>���J8Ã 46���º[S����46?���³�J 3MW ÿ o6o6o��¨W1Ì�g¨A \#�

17.38
18.12
23.23
27.81
25.67

15.09
15.5
19.06
20.06
19.72

15.62
16.12
19.73
21.12
20.44

15.56
16.22
20.47
21.63
20.73

19.95
19.86
24.07
26.47
24.58
24.39
25.81

16.88
16.88
19.43
20.06
19.86
18.97
19.52

17.19
17.08
19.79
21.36
20.6

19.53
19.85

17.07
17.3
20.28
21.56
20.93
19.25
19.42

19.33
19.57
24.78
26.24
25.6
26.32
28.32

13.26
13.26
14.84
9.22
9.31

18.53
19.2

9.56
9.53

10.05
7.44
7.48
18.91
19.97

9.8
9.75
10.3
7.29
7.38
19.2
20.09

X-1
X-2
X-3
X-4
X-5

Y-1
Y-2
Y-3
Y-4
Y-5
Y-6
Y-7

Z-1
Z-2
Z-3
Z-4
Z-5
Z-6
Z-7

16 32 64 80
Grid sizea)

17.38
18.12
23.23
27.81
25.67

15.09
15.5
19.06
20.06
19.72

15.62
16.12
19.73
21.12
20.44

15.56
16.22
20.47
21.63
20.73

19.95
19.86
24.07
26.47
24.58
24.39
25.81

16.88
16.88
19.43
20.06
19.86
18.97
19.52

17.19
17.08
19.79
21.36
20.6

19.53
19.85

17.07
17.3
20.28
21.56
20.93
19.25
19.42

19.33
19.57
24.78
26.24
25.6
26.32
28.32

13.26
13.26
14.84
9.22
9.31

18.53
19.2

9.56
9.53

10.05
7.44
7.48
18.91
19.97

9.8
9.75
10.3
7.29
7.38
19.2
20.09

X-1
X-2
X-3
X-4
X-5

Y-1
Y-2
Y-3
Y-4
Y-5
Y-6
Y-7

Z-1
Z-2
Z-3
Z-4
Z-5
Z-6
Z-7

16 32 64 80
Grid sizeb)

17.38
18.12
23.23
27.81
25.67

15.09
15.5
19.06
20.06
19.72

15.62
16.12
19.73
21.12
20.44

15.56
16.22
20.47
21.63
20.73

19.95
19.86
24.07
26.47
24.58
24.39
25.81

16.88
16.88
19.43
20.06
19.86
18.97
19.52

17.19
17.08
19.79
21.36
20.6

19.53
19.85

17.07
17.3
20.28
21.56
20.93
19.25
19.42

19.33
19.57
24.78
26.24
25.6
26.32
28.32

13.26
13.26
14.84
9.22
9.31

18.53
19.2

9.56
9.53

10.05
7.44
7.48
18.91
19.97

9.8
9.75
10.3
7.29
7.38
19.2
20.09

X-1
X-2
X-3
X-4
X-5

Y-1
Y-2
Y-3
Y-4
Y-5
Y-6
Y-7

Z-1
Z-2
Z-3
Z-4
Z-5
Z-6
Z-7

16 32 64 80
Grid sizec)

7�BUF6Y�?�> ÿ §2Ì�>@?���46?�^�;H<�PQ>��¨J�Ã 46���H[c����46?���<GIc>QT-Ì0>Q<GIcB�Y�^�Ì£?�4¦eHo6oGJ Ö`«���ACR�B�IZ<�>@V,�
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7.46
7.46
9.25

22.67
20.73

6.7
6.71
8.46
23.1
21.11

6.85
6.85
8.41

23.39
21.35

6.73
6.74
8.58
23.06
21.06

9.43
9.43
7.78
14.21
12.05
16.32
12.1

10.47
10.46
8.04
13.

11.18
16.19
12.07

8.96
8.95
7.23

11.25
9.96

15.76
11.91

6.97
6.96
6.78

10.98
9.64

15.38
11.54

8.53
8.54
7.31
8.49
8.24

14.07
11.02

8.45
8.46
6.42
8.06
7.86
13.4
10.63

7.9
7.9
6.52
7.77
7.61

12.59
9.99

6.5
6.5
6.48
7.65
7.59
12.7
10.01

X-1
X-2
X-3
X-4
X-5

Y-1
Y-2
Y-3
Y-4
Y-5
Y-6
Y-7

Z-1
Z-2
Z-3
Z-4
Z-5
Z-6
Z-7

16 32 64 80
Grid sizea)

7.46
7.46
9.25

22.67
20.73

6.7
6.71
8.46
23.1
21.11

6.85
6.85
8.41

23.39
21.35

6.73
6.74
8.58
23.06
21.06

9.43
9.43
7.78
14.21
12.05
16.32
12.1

10.47
10.46
8.04
13.

11.18
16.19
12.07

8.96
8.95
7.23

11.25
9.96

15.76
11.91

6.97
6.96
6.78

10.98
9.64

15.38
11.54

8.53
8.54
7.31
8.49
8.24

14.07
11.02

8.45
8.46
6.42
8.06
7.86
13.4
10.63

7.9
7.9
6.52
7.77
7.61

12.59
9.99

6.5
6.5
6.48
7.65
7.59
12.7
10.01

X-1
X-2
X-3
X-4
X-5

Y-1
Y-2
Y-3
Y-4
Y-5
Y-6
Y-7

Z-1
Z-2
Z-3
Z-4
Z-5
Z-6
Z-7

16 32 64 80
Grid sizeb)

7.46
7.46
9.25

22.67
20.73

6.7
6.71
8.46
23.1
21.11

6.85
6.85
8.41

23.39
21.35

6.73
6.74
8.58
23.06
21.06

9.43
9.43
7.78
14.21
12.05
16.32
12.1

10.47
10.46
8.04
13.

11.18
16.19
12.07

8.96
8.95
7.23

11.25
9.96

15.76
11.91

6.97
6.96
6.78

10.98
9.64

15.38
11.54

8.53
8.54
7.31
8.49
8.24

14.07
11.02

8.45
8.46
6.42
8.06
7.86
13.4
10.63

7.9
7.9
6.52
7.77
7.61

12.59
9.99

6.5
6.5
6.48
7.65
7.59
12.7
10.01

X-1
X-2
X-3
X-4
X-5

Y-1
Y-2
Y-3
Y-4
Y-5
Y-6
Y-7

Z-1
Z-2
Z-3
Z-4
Z-5
Z-6
Z-7

16 32 64 80
Grid sizec)

7�BUF6Y,?Z> f1§£Ì0>Q?���4+?Z^�;+<�PQ>���J8Ã 46���º[S����46?�×�Õ2a ]�TU��R ;�Õ�:#nK�¨a�?Z;�VdN�p6×��

51.79
51.48
50.8
88.21
69.01

52.5
52.58
51.89
98.32
77.36

54.31
54.32
53.63
102.3
82.67

54.87
54.88
54.15
103.1
83.61

37.02
37.1

36.43
67.23
69.31
36.85
37.66

42.96
42.98
42.75
70.28
72.61
34.96
36.57

43.13
43.15
42.79
69.53
71.82
32.66
32.11

37.91
37.9

36.67
68.34
70.56
35.16
35.83

37.14
37.49
37.05
53.01
54.01
36.5
39.22

24.61
24.54
24.01
35.97
36.15
34.69
36.66

20.72
20.75
21.35
34.26
34.48
35.18
36.23

21.12
21.16
21.43
34.78
34.98
28.42
24.62

X-1
X-2
X-3
X-4
X-5

Y-1
Y-2
Y-3
Y-4
Y-5
Y-6
Y-7

Z-1
Z-2
Z-3
Z-4
Z-5
Z-6
Z-7

16 32 64 80
Grid sizea)

51.79
51.48
50.8
88.21
69.01

52.5
52.58
51.89
98.32
77.36

54.31
54.32
53.63
102.3
82.67

54.87
54.88
54.15
103.1
83.61

37.02
37.1

36.43
67.23
69.31
36.85
37.66

42.96
42.98
42.75
70.28
72.61
34.96
36.57

43.13
43.15
42.79
69.53
71.82
32.66
32.11

37.91
37.9

36.67
68.34
70.56
35.16
35.83

37.14
37.49
37.05
53.01
54.01
36.5
39.22

24.61
24.54
24.01
35.97
36.15
34.69
36.66

20.72
20.75
21.35
34.26
34.48
35.18
36.23

21.12
21.16
21.43
34.78
34.98
28.42
24.62

X-1
X-2
X-3
X-4
X-5

Y-1
Y-2
Y-3
Y-4
Y-5
Y-6
Y-7

Z-1
Z-2
Z-3
Z-4
Z-5
Z-6
Z-7

16 32 64 80
Grid sizeb)

51.79
51.48
50.8
88.21
69.01

52.5
52.58
51.89
98.32
77.36

54.31
54.32
53.63
102.3
82.67

54.87
54.88
54.15
103.1
83.61

37.02
37.1

36.43
67.23
69.31
36.85
37.66

42.96
42.98
42.75
70.28
72.61
34.96
36.57

43.13
43.15
42.79
69.53
71.82
32.66
32.11

37.91
37.9

36.67
68.34
70.56
35.16
35.83

37.14
37.49
37.05
53.01
54.01
36.5
39.22

24.61
24.54
24.01
35.97
36.15
34.69
36.66

20.72
20.75
21.35
34.26
34.48
35.18
36.23

21.12
21.16
21.43
34.78
34.98
28.42
24.62

X-1
X-2
X-3
X-4
X-5

Y-1
Y-2
Y-3
Y-4
Y-5
Y-6
Y-7

Z-1
Z-2
Z-3
Z-4
Z-5
Z-6
Z-7

16 32 64 80
Grid sizec)

7�BUF+Y�?Z>¤�,§£Ì0>Q?���46?Z^�;+<�P@>���J8Ã 46���H[S����46?�×�Õ2a ]�TU��R�;_Õ�:�q���a�?c;�VdN�p6Õ2�
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31.87
33.61
32.

45.68
41.99

24.52
25.28
24.54
31.02
29.4

24.95
25.73
25.05
31.61
29.98

25.05
25.83
25.16
31.72
30.08

28.18
28.83
28.7
32.46
34.51
34.48
33.02

24.47
24.79
24.65
24.09
25.31
25.89
24.83

25.04
25.27
25.08
23.74

25.
26.36
25.19

22.3
22.37
21.86
23.41
24.65
26.42
25.22

27.95
28.72
27.75
27.49
28.78
34.54
33.62

21.85
22.02
21.43
19.95
20.88
21.9
19.11

19.69
19.74
19.29
16.23
17.1

19.84
15.5

19.73
19.75
19.3
15.29
16.14
19.86
15.5

X-1
X-2
X-3
X-4
X-5

Y-1
Y-2
Y-3
Y-4
Y-5
Y-6
Y-7

Z-1
Z-2
Z-3
Z-4
Z-5
Z-6
Z-7

16 32 64 80
Grid sizea)

31.87
33.61
32.

45.68
41.99

24.52
25.28
24.54
31.02
29.4

24.95
25.73
25.05
31.61
29.98

25.05
25.83
25.16
31.72
30.08

28.18
28.83
28.7
32.46
34.51
34.48
33.02

24.47
24.79
24.65
24.09
25.31
25.89
24.83

25.04
25.27
25.08
23.74

25.
26.36
25.19

22.3
22.37
21.86
23.41
24.65
26.42
25.22

27.95
28.72
27.75
27.49
28.78
34.54
33.62

21.85
22.02
21.43
19.95
20.88
21.9
19.11

19.69
19.74
19.29
16.23
17.1

19.84
15.5

19.73
19.75
19.3
15.29
16.14
19.86
15.5

X-1
X-2
X-3
X-4
X-5

Y-1
Y-2
Y-3
Y-4
Y-5
Y-6
Y-7

Z-1
Z-2
Z-3
Z-4
Z-5
Z-6
Z-7

16 32 64 80
Grid sizeb)

31.87
33.61
32.

45.68
41.99

24.52
25.28
24.54
31.02
29.4

24.95
25.73
25.05
31.61
29.98

25.05
25.83
25.16
31.72
30.08

28.18
28.83
28.7
32.46
34.51
34.48
33.02

24.47
24.79
24.65
24.09
25.31
25.89
24.83

25.04
25.27
25.08
23.74

25.
26.36
25.19

22.3
22.37
21.86
23.41
24.65
26.42
25.22

27.95
28.72
27.75
27.49
28.78
34.54
33.62

21.85
22.02
21.43
19.95
20.88
21.9
19.11

19.69
19.74
19.29
16.23
17.1

19.84
15.5

19.73
19.75
19.3
15.29
16.14
19.86
15.5

X-1
X-2
X-3
X-4
X-5

Y-1
Y-2
Y-3
Y-4
Y-5
Y-6
Y-7

Z-1
Z-2
Z-3
Z-4
Z-5
Z-6
Z-7

16 32 64 80
Grid sizec)

7�BUF6Y�?�>�l,§£Ì�>@?���46?�^�;H<�PQ>��¨J�Ã 46���H[c����46?`W1Y�<���T�Ic?c;6W1� ;+?�P_��³�>@?Z�+>@TU>jV8\#Ô�A��
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6.78

6.45

6.45

6.12

5.97

5.97

5.83

5.76

5.76

5.77

5.71

5.71

6.48

6.63

6.63

6.63

6.63

5.98

6.06

6.06

6.06

6.06

5.76

5.8

5.8

6.43

6.88

9.89

5.75

5.75

6.08

6.18

10.2

15.6

15.6

6.63

6.63

12.9

16.9

16.9

6.06

6.06

12.7

16.8

16.8

5.84

5.8

12.7

16.8

16.8

5.75

5.75

X-1

X-4

X-5

Y-1

Y-4

Y-5

Y-6

Y-7

Z-1

Z-4

Z-5

Z-6

Z-7

16 32 64 80

Grid size

7�B�F6Y�?Z>�h�o,§�a�;HPSR�>�^_BU[�[Z>@[M�N¶��jkXJ���Ì2W�3�q+o6o+o

0.

0.

0.

0.

0.

0.

0.369

0.369

0.369

0.369

0.359

0.359

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.369

0.369

0.369

0.369

0.369

0.359

0.359

0.359

0.359

0.359

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.369

0.369

0.369

0.369

0.369

0.359

0.359

0.359

0.359

0.359

X-1

X-4

X-5

Y-1

Y-4

Y-5

Y-6

Y-7

Z-1

Z-4

Z-5

Z-6

Z-7

16 32 64 80

Grid size

7�B�F6Y�?Z>�h+h6§�a�;HPSR�>�^_BU[�[Z>@[M�N¶��jkXJ���Ì2W�3��6o6o+o

0.

0.

0.

0.06

0.229

0.229

1.46

1.46

1.46

1.45

1.44

1.44

0.

0.

0.

0.

0.

0.05

0.229

0.229

0.229

0.229

1.45

1.46

1.46

1.46

1.46

1.43

1.44

1.44

1.44

1.44

0.

0.

0.

0.

0.

0.06

0.229

0.229

0.11

0.11

1.45

1.46

1.46

1.46

1.46

1.43

1.44

1.44

1.44

1.44

X-1

X-4

X-5

Y-1

Y-4

Y-5

Y-6

Y-7

Z-1

Z-4

Z-5

Z-6

Z-7

16 32 64 80

Grid size

7�B�F6Y�?Z>Ûhze1§ a�;+PSR�> ^_BU[Z[�>Q[.�N¶��jk�J���Ì2W
3�hxo6o6o6o

0.636

0.587

0.587

0.784

0.764

0.764

0.735

0.725

0.725

0.725

0.725

0.725

0.537

0.587

0.577

0.547

0.547

0.764

0.764

0.764

0.764

0.764

0.725

0.725

0.725

0.754

0.754

0.715

0.725

0.725

0.784

0.784

0.507

0.557

0.557

0.587

0.587

0.764

0.764

0.764

0.764

0.764

1.59

2.12

2.12

0.725

0.725

1.59

2.11

2.11

0.725

0.725

X-1

X-4

X-5

Y-1

Y-4

Y-5

Y-6

Y-7

Z-1

Z-4

Z-5

Z-6

Z-7

16 32 64 80

Grid size

7�B�F6Y�?Z>Mhxp,§�a�;+PSR�>`^�B�[Z[Z>@[`� ¶��jkG��³�J�3�W ÿ o6o+o
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3.98

3.22

3.22

6.12

5.97

5.97

5.83

5.76

5.76

5.77

5.71

5.71

2.84

3.72

3.72

3.73

3.73

5.98

6.06

6.06

6.06

6.06

5.76

5.8

5.8

5.8

5.8

5.71

5.75

5.75

5.75

5.75

3.18

3.54

3.54

3.74

3.74

5.98

6.06

6.06

6.06

6.06

12.7

16.8

16.8

5.8

5.8

12.7

16.8

16.8

5.75

5.75

X-1

X-4

X-5

Y-1

Y-4

Y-5

Y-6

Y-7

Z-1

Z-4

Z-5

Z-6

Z-7

16 32 64 80

Grid size

7�BUF6Y�?�>Oh�n�§2a�;+PSR,> ^_BU[�[Z>@[��N¶��jk¢Ì�>@<GIcBUY,^�Ì�?Z4

6.78

6.86

7.05

6.12

6.36

6.53

5.83

6.15

6.31

5.77

6.11

6.26

10.6

8.94

8.98

7.6

7.56

5.98

10.3

10.4

7.4

7.46

9.93

14.

14.

7.76

8.62

12.7

15.2

15.2

8.28

8.98

13.4

17.6

17.6

7.83

7.56

12.9

17.3

17.4

7.66

8.15

12.7

17.2

17.2

8.19

8.36

12.7

17.2

17.2

7.94

8.36

X-1

X-4

X-5

Y-1

Y-4

Y-5

Y-6

Y-7

Z-1

Z-4

Z-5

Z-6

Z-7

16 32 64 80

Grid size
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6.78

6.45

6.45

6.12

5.97

5.97

5.83

5.76

5.76

5.77

5.71

5.71

6.48

6.63

6.63

6.63

6.63

5.98

6.06

6.06

6.06

6.06

5.76

5.8

5.8

5.89

5.91

5.71

5.75

5.75

5.75

5.75

6.48

6.63

6.63

6.63

6.63

12.7

16.9

16.9

6.06

6.06

12.7

16.8

16.8

5.8

5.8

12.7

16.8

16.8

5.75

5.75

X-1

X-4

X-5

Y-1

Y-4

Y-5

Y-6

Y-7

Z-1

Z-4

Z-5

Z-6

Z-7

16 32 64 80

Grid size
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0.

0.

0.

3.07

3.04

3.04

2.91

2.91

2.91

2.88

2.88

2.88

0.

0.

0.

0.

0.

3.

3.1

3.1

3.09

3.1

2.88

2.99

2.99

2.97

2.99

2.86

2.98

2.98

2.96

2.98

0.

0.

0.

0.

0.

3.

4.11

4.11

3.09

3.1

4.93

6.89

6.89

2.97

2.98

5.61

8.42

8.42

2.95

2.97

X-1

X-4

X-5

Y-1

Y-4

Y-5

Y-6

Y-7

Z-1

Z-4

Z-5

Z-6

Z-7

16 32 64 80

Grid size
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